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Water quality sensors [Imec, 2018]

Need for affordable é
water quality sensors Hls»

ZA
>

QY
4

7S
Yy

%
DS

\...///

Assess impacts of /@"
water sensors R /

Reduce impacts by
new designs

@ The 27th CIRP Conference on Life Cycle Engineering, Grenoble, France http://www.lce2020.fr

N 7
£4

K‘.
7
%

%
S

Sensor dissemination e \




Grenoble  gansors

) .ce220  Development of Paper-Based Water Quality

> Paper: a beneficial platform for biosensors

> Advantages
» Natural capillarity
» Bio-interface
» Large surface area
» Printed electrodes

> Volumetric electro-chemical detection

Carbon nanotubes

Paper biosensor Electrodes
on paper
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flow Bacteria
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2 L(H:EWZOB%S Comparative LCA : Goal

> Help microelectronic engineers in process and material selection for
environmental sustainabilty, using simple indicators (energy and CO.,)

> ldentification and analysis of 3 routes for biosensor production :

Paper-CNT sensor Paper-Al sensor Si - biosensor
» Paper support » Paper support b Silicon stpport
» Conventional printer » Microelectronics fab. - WlersslEsreries Elb.
» Conductive inks (CNTSs) »  Aluminum electrodes (cleanrooms)
5 mm
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@ [Designed and produced at UCLouvain]
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¥ L4 Comparative LCA : Scope

xplore,
‘expiore more

> Functional Unit — Performing 1000 water quality measurements (bacteria)

> Reference Flows — Materials and energy to produce 1000 sensors

» Hypothesis of single-use sensors (contamination)

> Boundaries

Raw Material
production Excluded processes
» Infrastructure prod.
» Transportation
» Usage
Chemicals Fabrication » End of life treatment
Energy process Steps Further studies...

Inputs
» Mass Flows

» Energy
Water Quality Sensors
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eyt ZOE,%S Comparative LCA : Data Inventory

Energy
associated with
electricity use

T

» Embodied Energy EE = EEaerials + EEprocesses = Z [Mmat X €] +Z [(Mchem X €) + €proc]

> Inventory model

» Carbon Footprint idem . ’/ l l \‘
Raw material _ _ Chemical
flows [kg] Raw material Chemical ~ Lhemicals energy
energy intensities  flows [kg]  intensities [MJ/kg]
[MJ/kg]

> Process steps

Paper-CNT sensor Si - biosensor
Mass flows and energy
Conductive |, Cleaning || Deposition » Primary data
Ink preparing Y » Generic data
! , Litho-
L Etehing 41 graphy Further studies. ..
Sonication ¥
Deposition|—> Litho-
+ graphy Energy and Carbon
Inkjet- — L intensities
printing grlap%-y «| Etching » Commercial database
—~. (Granta)
PDMS

pfluidic
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yLCE ZOE,%Q Comparative LCA : Results and Discussion

> Main results Bl \aterials
6000 - | |Processes 7

» Energy- and emission-intensive
cleanroom chemicals and processes

5000

» Carbon nanotubes (CNTs) are
responsible for most of the emissions
related to the process

4000+

3000 -
» The use of paper as a substitute of

silicon decreases the material
embodied energy

5 1000+
Conscientious choice of Jll
nanomaterials 0

CNT- Al- Si- CNT- Al- Si-
paper paper sensor paper paper sensor
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Embodied Energy [MJ/1000 sensors]

Other printing techniques ?
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&) LCE 2 - -
P LLE22 Conclusions and Perspectives

Performed a prospective life cycle analysis to eco-design water quality sensors

¢~ Technical developments still required

N

@ Integration of the end of life considerations O @

‘= Issues revealed in data quality and data scarcity

&

& Collaboration with an industry »

Thank you !

gregoire.lebrun@uclouvain.be
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